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Abstract 
To investigate the air pollution due to incenses burning, formaldehyde, respirable particulate (PM10) and 12 kinds of VOCs 
(volatile organic compounds) and TVOC were measured and analyzed at different sampling sites in Temples located in Shanxi 
Province and Beijing, China. The main results showed that incense burning significantly elevates the concentrations of 
formaldehyde, benzene, toluene, xylene, and TVOC. The total concentrations of aldehyde compounds including formaldehyde, 
furfural, etc. varied ranging from 0.05 to 1.22 mg/m3 and formaldehyde was the most abundant. The formaldehyde concentrations 
higher than 0.10 mg/m3 in Beijing Temple were harmful to human health. Benzene and toluene concentrations exceeded the 
recommended levels 0.05 mg/m3 by ‘WHO’, respectively. The number concentrations of PM10 in a Shanxi Temple were the 
highest and PM10 in all the Temples were greater than that outside Temples. It indicates that incense burning was the main source 
for formaldehyde, VOCs and respirable particle. The health risk for Buddhist priest, staffs and worshipers in the Temples exposed 
to incense burning for long time may be increased.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
For either religious reason or providing pleasant smell, many people burn incenses daily in the indoor and public 
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environments. As incenses were made from a wide variety of substance, including resins, aromatic substances, 
essential oils, and synthetic chemicals, incense burning would emit a variety of toxic chemicals [1]. With the 
environmental and health awareness rising, it has been given more attention to the pollutants due to incense burning. 
Especially, with the tourism development and prosperity of Chinese Buddhism and Taoism, the quantity of incense 
burning is increasing. The activities of burning incense in the Temples have gradually flourished. To reduce costs, a 
large number of incenses with different quality were manufactured. Some poor quality incenses flowed into Temples. 
According to a report from China’s net (http://qun.51.com/gcje/topic.php?pid=22551), poor quality incenses taking 
sawdust, industrial resins, flavors, and colors as raw materials had flowed in a Temple. Some monks suffered from 
pneumonias and other respiratory diseases. The on-site survey of some Temples have shown that a serious air pollution 
by the burning of incense as shown in Fig. 1. From Fig.1, during the 1th day of the lunar calendar, a huge amount of 
incense was burned in Temples. The literatures from Hong Kong and Tai Wan had shown that incense burning was a 
significant source of particulate and VOCs, and exposure to incense smoke may be associated with many health effects 
[2-6]. However, study on pollution caused by incense burning from Chinese mainland has scarcely been found and 
health risk has not been investigated. Meanwhile, the characteristics of a variety of organic chemical pollutants emitted 
by incense burning were scarcely involved. Typical air pollutants due to incense burning in Temples in Chinese 
mainland have not been studied, and the concentrations of various VOCs and particulate number caused by incense 
burning at different test sites in Temples has not systematically reported. Accordingly, to understand the typical air 
pollutants in Temples and protect human health, it is of importance to measure formaldehyde, VOCs and respirable 
particulate (PM10) due to incense burning. As a pilot study, it has three objectives: 1) to identify major VOCs 
including formaldehyde, benzene series compounds, 2) to quantify the exposure levels of VOCs and particles by 
incense burning in the selected Temples during peak and non-peak periods, and 3) to disclose the pollution state of 
incenses burning and potential health effects. 
 
2.Materials and methods  
2.1 Sampling sites  
To understand the characteristics of air pollution caused by incense burning in Temples, the samples were 
sampled at two Temples in Shanxi province and one Temple in Beijing, China. Temples 1 and 2 are two of the most 
famous Temples as well as a popular tourist spot in Shanxi Province located in a hillside of a residential 
neighborhood in one town. Temple 3 is one of the most popular Temples located in the urban area in Beijing. The 
sampling locations in the three Temples were all chosen at the main altars of the main worship places in the 
Temples. Because the monks, staffs and pilgrims often work and act in the worship rooms, around incense burners 
and outside the Temples, the air pollutants in the sites were sampled in the three Temples during peak and non-peak 
periods. The samples were sampled from 9 am until 4 pm due to a steady stream of visitors during this period. The 
first or fifteenth day of each month on the Chinese lunar calendar was considered as the peak period, in which more 
pilgrims appeared at Temples for blessing or visiting, other times were considered as the non-peak period. Fig. 2 
shows the layout of the worship rooms and incense burners in the altars in the Temples. According to the position of 
the worship rooms and incense burners in the Temples, the diagonal distribution points were used for sampling in 
the two locations. The distance between the sampling points and the prayer location in the worship rooms is 3.0 m. 
The sampling site around incense burner is approximately 2.0 m away from the incense burner. During each 
sampling event, one sample was collected from outside the Temple for comparison of the pollutant levels inside the 
Temple.  
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Fig.1. Incense burning during the 1th day of the lunar calendar in a Temple in Beijing. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The relative position of worship rooms and incense burners in the Temples. 
 
2.2 Sampling air pollutants 
     In principle, incense should be made from the plant natural spices. However, due to the high cost of natural incense 
and heavy sales of incenses, many low-quality incenses had flowed into the markets for reducing the costs. Most low-
quality incenses were made of dyed sawdust adding chemical spices. Chemical spices contain mainly aldehydes, 
ketones and esters. After these substances burn, the ormaldehyde and other organic compounds will be released. In 
addition, during the production of incense, urea-formaldehyde resin adhesives taking formaldehyde as a main 
component were used. It would release formaldehyde after burning. Formaldehyde is higher toxic substances as 
carcinogenic and teratogenic substances. Meanwhile, the particulate emitted by the burning of incense are particularly 
susceptible to adsorption of the toxic and hazardous substances. It is of significance for the pollution control and the 
human health protection to concern about formaldehyde and inhaled particulate matters (PM10) due to incense burning. 
Therefore, the sampling air pollutants were firstly determined for formaldehyde and PM10. Then, the benzene series 
compounds were also selected. An association between exposure to benzene and the development of leukemia is 
established well, and emission from 10 different incense sticks produced benzene in an experimental chamber study 
(IARC 1987; IAQS 2002; Chung et al. 2008). Apart from this, other VOCs such as furfural, benzaldehyde, nonanal, 
hexanal, decanal, 2-butenal, phenol, naphthalene, cycloolefin and TVOC were also considered due to chemical spices. 
2.3 Sampling and analysis methods 
The methods of sampling and analyzing, and detection limits of VOCs and PM10 were shown in Table 1. 
Table 1. Sampling parameters and testing and analysis methods 
 
Idol 
Prayer 
Incense burner 
Incense holder 
Worship room 
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Air parameter Sampling and testing methods 
Testing and 
analyzing 
instruments 
Instrument model Minimum detection limit  
Formaldehyde Measurement in the field  
Portable 
formaldehyde tester Inter Scan 4160 0.01ppm 
Other VOC and 
TVOC 
Air sampler sampling 
Laboratory analysis 
GC-MS System 
Agilent 7890A/5975C gas 
chromatograph/mass 
spectrometry 
0.1ppb 
Particle (PM10) Measurement in the field Particle counter  
Fluke 983 
6 channel 
±5% 
 
Formaldehyde and PM10 concentrations were measured at the sampling sites in the Temples. 12 kinds of VOC 
and TVOC were firstly sampled at the sampling sites and the concentrations were analyzed in the laboratory by the 
gas chromatograph/mass spectrometry (GC-MS) system. These VOCs were thermally desorbed onto a gas 
chromatography (GC) column and were detected by a mass spectrometer (MS). To improve the accuracy of testing 
and analyzing, replicate analysis was performed for 20% of the samples randomly selected from previously analyzed 
groups for precision checking and 20% blank sample tubes were collected with other sampling tubes for GC/MS 
analysis. The air sampler has a design inlet sampling flow rate of 0.5 l/min. The detailed methods of GC can be seen 
from Indoor Air Quality Standard of China (GB/T 18883—2002) and Douglas et al. 1993. A Fluke 983 was used to 
monitor the number concentrations of particles for size fractionation of airborne particles in the 0.3~0.5 μm, 0.5~1.0 
μm, 1.0~2.0 μm, 2.0~5.0 μm, 5.0~10.0 μm and ˚ 10.0 μm. All the test instruments had been calibrated. The concentration 
of every parameter was the mean value of every sampling point and each measurement was replicated.  
 
3.Results and discussion  
3.1 Formaldehyde And Other Aldehyde Compounds 
The concentrations of formaldehyde and other aldehyde compounds at different sampling sites in the Temples 1, 
2 and 3 during peak periods and that in the Temple 3 during non-peak periods are shown in Tables 2 and 3, and Fig. 
3. 
 
Table 2. Formaldehyde concentrations at different sampling sites in the Temples during peak and non-peak periods 
Sampling time Temple  
Formaldehyde concentrations at different sampling  
sites (mg/m3) 
Around incense burner In the worship room Outside Temple 
Peak periods 
1 0.24 0.06 0.01 
2 0.17 0.05 0.01 
3 0.97 0.12 0.02 
Non-peak periods 3 0.86 0.11 0.02 
 
Table 3. The concentrations of other aldehyde compounds at different sampling sites 
 
Note: a- Around incense burner  b- Worship room  c-Outside Temple 
Sampling time Peak periods Non-peak periods 
Temple 1 2 3 3 
Pollutants Concentrations of pollutants at different sampling sites a, b and c (mg/m3) 
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--Not detected  0.00 is the concentration of the rounding 
 
 
Fig. 3. The percentage of formaldehyde possessing aldehyde compounds at the different sampling sites in the Temples during peak and non-peak 
periods. 
Table 2 shows the formaldehyde concentrations around incense burners were all higher than that in the worship 
rooms and the concentrations in the rooms were also greater than that outside Temples at all the three Temples during 
different periods  (peak and non-peak periods)of incense burning. The formaldehyde levels around the incense burners 
and in the worship rooms in the Temple 3 during both peak and non-peak periods all exceeded Chinese Indoor Air 
Quality Standard guideline 0.10 mg/m3. It exceeds the limit of human health effect. The highest formaldehyde 
concentration 0.97 mg/m3 exceeding the standard value by 9 times was acquired at the Temple 3 during peak period. 
The formaldehyde levels around the incense burners in the Temples 1 and 2 were greater than the Standard 0.10 mg/m3. 
The formaldehyde concentrations at different sites in Beijing Temple 3 were all higher than that in Shanxi Temples 1 
and 2. Table 3 presents the concentrations of six other aldehyde compounds at the different sampling sites in the three 
Temples during peak and non-peak periods. Tables 2 and 3 also show that the detection rates of Formaldehyde, 
Furfural, Benzaldehyde, Nonanal, Hexanal, Decanal, and 2-Butenal were 100%, 100%, 83%, 67%, 58%, 25% and 
17%, respectively. It shows that formaldehyde was the most abundant aldehyde species, followed by Furfural. The 
total concentrations of aldehyde compounds varied significantly, ranging from a low of 0.05 mg/m3 to a high of 1.22 
mg/m3. The average aldehyde levels measured at indoor sampling sites of the Temples 1, 2 and 3 were higher than 
that at outdoor sampling sites. The concentrations of aldehyde compounds around the incense burners were all higher 
than that in the worship rooms and the concentrations in the rooms were greater than that outside Temples. It illustrates 
fragrance ingredients of incense may contain aldehyde chemical spices and incomplete combustion exists in the 
process of burning incense. In addition, Tables 2 and 3also show the concentrations of aldehyde compounds around 
the incense burner and in the worship room in the Temple 3 during peak and non-peak periods were all higher than 
that in the Temples 1 and 2 during peak period. However, aforementioned the results demonstrate the concentrations 
of particle number in the Temples 1 and 2 were higher than that in the Temple 3 during peak periods. It indicates that 
the concentrations of formaldehyde and particle number did not show a positive correlation. 
a b c a b c a b c a b c 
Furfural 0.05 0.01 0.01 0.01 0.01 0.00 0.20 0.03 0.01 0.12 0.02 0.01 
Benzaldehyde 0.01 0.01 -- 0.01 0.00 0.00 -- 0.01 0.01 -- 0.01 0.01 
Nonanal 0.00 0.01 0.01 0.01 0.01 -- -- 0.01 -- -- 0.01 0.01 
Hexanal 0.00 0.01 -- 0.01 0.01 0.00 -- -- -- -- 0.01 0.01 
Decanal 0.00 0.01 -- -- -- -- -- -- -- -- 0.01 -- 
2-Butenal -- -- -- -- -- -- 0.05 -- -- 0.02 -- -- 
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3.2 Benzene series compounds and TVOC 
VOCs samples were analyzed by GC-MS. It was found that benzene, toluene, xylene and phenol were the abundant 
species. Figs 4 and 5 display respectively the concentrations of benzene series compounds and TVOC restricted by 
Chinese Indoor Air Quality Standard at all the sampling sites in the Temples 1, 2 and 3 during peak periods, and that 
in the Temple 3 during non-peak periods. The benzene series compounds refer to benzene, toluene and xylene. TVOC 
counted as toluene equivalents from the total integrated signal between hexane and hexadecane. It includes benzene, 
toluene, xylene, styrene, ethylbenzene, butyl acetate, trichloroethylene, chloroform, undecane, etc.  
 
Fig. 4 shows that the concentrations of benzene series compounds in the Temple 3 were the highest during the 
different burning incense periods and benzene concentrations around the incense burners in the Temple 3 during peak 
and non-peak periods were all higher than Standard limit 0.11 mg/m3. The concentrations of toluene and xylene were 
lower than the limit 0.20 mg/m3 of Chinese Indoor Air Quality Standard but exceeded the recommended levels 0.05 
mg/m3 determined by ‘WHO’, respectively. The concentrations of benzene series compounds in the worship rooms at 
the Temple 3 also exceeded 0.05 mg/m3. The most of the concentrations of benzene series compounds around the 
incense burners and in the worship rooms at both the Temples 1 and 2 were lower than the standard limit. In addition, 
the average concentrations of benzene series compounds at the outdoor sampling locations at all the three Temples 
were much lower than that at the indoor. Comparing with the concentrations outside Temples, it shows that incense 
burning is a major source of benzene series compounds. The benzene series compounds may be mainly derived from 
the incomplete combustion of hydrocarbons. The compounds have effects of anesthetizing nerve, carcinogenic and 
mutagenic, and distortion on the human health. Fig. 5 shows that the concentrations of TVOC in the Temple 3 were 
the highest and the concentrations around the incense burners reached respectively 2.72 mg/m3 and 1.66 mg/m3 
exceeding Chinese Indoor Air Quality Standard guideline 0.60 mg/m3 during the different periods. However, the 
TVOC levels at other sampling sites were lower than the guideline 0.60 mg/m3. Fragrance ingredients, processing 
methods and combustion of incenses are important factors affecting TVOC concentration. Phenol, naphthalene, cyclic 
olefin, benzofuran, etc. were also detected in the air samples in the Temples.  
 
 
Fig. 4. The concentrations of benzene, toluene and xylene at the different sampling sites in the Temples. 
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Fig. 5. The concentrations of TVOC at the different sampling sites in the Temples. 
3.3 Other VOCs 
Tables 4 and 5 present the concentrations of other VOCs such as phenol, naphthalene, etc.  
 
Table 4. Other VOCs concentration at different sampling sites in the Temples 1 and 2 (mg/m3) 
Target air 
pollutants 
Temple 1˄Peak˅ Temple  2˄Peak˅ 
around incense 
burner 
worship 
room 
outside 
Temple 
around incense 
burner 
worship 
room 
outside 
Temple 
Phenol 0.01 0.02 0.01 0.06 0.01 0.00 
Naphthalene 0.02 0.03 -- 0.03 0.02 -- 
Cycloolefin -- -- -- -- -- -- 
Note: -- not detected 
Table 5. Other VOCs concentration at different sampling sites in the Temple 3 (mg/m3) 
Target air 
pollutants 
Temple 3˄Peak˅ Temple 3˄non-peak˅ 
around incense 
burner 
worship 
room 
outside 
Temple 
around incense 
burner 
worship 
room 
outside 
Temple 
Phenol 0.71 0.05 0.01 0.41 0.02 0.01 
Naphthalene 0.02 0.03 -- 0.03 0.02 -- 
Cycloolefin 0.20 0.01 0.01 0.07 0.00 0.00 
Note: -- not detected 
 
It can be seen from Tables 4 and 5, phenol existed around incense burners, in the worship rooms and outside 
Temples at Temples 1, 2 and 3. The phenol concentration around incense burner was the highest at the Temple 3. 
Phenol is a raw material synthesizing spices and dyes. It indicates phenol was used in the spices and dyes for making 
incense. Phenol has a strong corrosive effect on the skin and mucous membranes. Naphthalene is an important organic 
chemical raw material for making dyes and resins, etc. Zero of naphthalene concentrations outside Temples and 
nonzero in the Temples demonstrate naphthalene should be one of the materials for synthesizing incense dyes. The 
fact that cycloolefin only existed in the Temple 3 indicates cycloolefin by incense burning mainly depend on the 
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composition and burning way. 
3.4 Respirable Particulate (PM10) 
With paying more attention to the effect of particles on the human health, the number concentration of particle has 
been concerned about. Table 6 shows the mean number concentration of PM10 with different size distribution (6 
channels) around the incense burners, in the worship rooms and outside Temples in all the three Temples during peak 
periods and that in the Temple 3 during non-peak periods. 
 
Table 6. Size distribution of incense particles and number concentration (×103 particles/m3) at different sampling sites in the Temples 
Time Temple Sampling sites 
 Size  (μm) 
0.3~0.5 0.5~1.0 1.0~2.0 2.0~5.0 5.0~10.0 ˚10.0 
Peak 
periods 
1 
Around incense 
burner 171559 198260 51538 24289 1045 486 
In the worship 
room 239365 109306 10478 6568 1772 711 
Cumulative 
percentage (%) 50.40 37.72 7.61 3.78 0.35 0.15 
Outside Temple 157254 26539 1654 761 91 32 
2 
Around incense 
burner 195172 129457 26555 12568 272 63 
In the worship 
room 236757 75823 7714 2301 141 51 
Cumulative 
percentage (%) 62.88 29.89 4.99 2.16 0.06 0.02 
Outside Temple 155886 22418 2078 797 59 9 
Between mountains 71866 71866 964 657 101 19 
Peak 
periods 3 
Around incense 
burner 181019 210063 36016 9385 833 295 
In the worship 
room 214312 48392 3995 1412 220 64 
Cumulative 
percentage/% 56 36.61 5.67 1.53 0.15 0.05 
Outside Temple 83248 38700 9745 7660 783 125 
Non-peak 
periods 3 
Around incense 
burner 129786 124256 59254 26185 262 65 
In the worship 
room 188513 38380 3127 849 89 37 
Cumulative 
percentage/% 55.76 28.49 10.93 4.74 0.06 0.02 
Outside Temple 107748 14140 1367 643 67 8 
 
From the number concentrations of particles with six different size ranges during peak periods displayed in Table 
6, it is shown that: 1) The number concentrations of the particles in the range of 0.3~0.5 μm among the six different 
size ranges in the worship rooms and outside Temples were the highest. Next, it proceeded in descending order of 
concentration of particles in the range of 0.5~1.0 μm, 1.0~2.0 μm, 2.0~5.0 μm, 5.0~10.0 μm and ˚10.0 μm. 
Concentration of the particles in the range of 0.3~0.5 μm in the worship rooms were greater than that of outside 
Temple. 2) The number concentrations of the particles in the range of 0.5~1.0 μm around the incense burners were 
the highest. The next order of in descending was concentrations of particles in the range of 0.3~0.5 μm, 1.0~2.0 μm, 
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2.0~5.0 μm, 5.0~10.0 μm and 1˚0.0 μm, respectively. 3) Apart from the concentrations of particles in the range of 
0.3~0.5 μm around incense burners were lower than that in other sampling sites, other concentrations of particles with 
different size around burners were all the highest. The reason may be that the size of the particles increase because 
the fine particles at the incense burner collide and unit with each other due to large amount of incense of burning. 
Table 6 also shows the average number concentrations of different range of particles at the Temple 3 during peak 
periods were all higher than that during non-peak periods. It indicates the mount of burning incense during peak 
periods were greater than that during non-peak periods. Moreover, the cumulative percentage of particles with the 
different size indicate particles released due to incense burning were mainly small particles and incense burning should 
be the main source for PM10 in Temples. The health risk of the Temple Buddhist priest and the staff as well as the 
worshipers exposed to incense burning for long term may be increased. The concentrations of the particles in the range 
of 0.3~1.0 μm and 0.3~10.0 μm (PM10) in the worship rooms were higher than that in the indoor and outdoor coal-
fired rooms, and that in the streets in Beijing from Su and Zhao (2008). It illustrates incense burning released more 
particles and the protection to the health of the Temple Buddhist priest and the staff need to be strengthened. 
 
4. Conclusions   
Incense burning significantly elevates the concentrations of a number of aldehydes, most notably formaldehyde 
and furfural. The formaldehyde concentrations in the Beijing Temple were all above 0.10 mg/m3. The incense burning 
is the main source for PM10 and VOCs especially for benzene, toluene, xylene and TVOC. The concentrations of 
aldehyde compounds and other VOCs in the Beijing Temple were all higher than that in the Shanxi Temples and the 
concentrations of particle number in the Shanxi Temples were higher than that in the Beijing. The amount of burning 
incense was not the only factor affecting the VOCs concentrations. Fragrance ingredients of incenses, processing 
methods, burning means, ventilation, etc. should have important effects on VOCs concentrations. The production and 
circulation of incense with excessive harmful chemical ingredients should be prohibited, and the health protection for 
Temple Buddhist priest and staffs should be strengthened.  
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